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(54) FORMATION OF THIN FILM BY DIRECT CURRENT BIAS SPUTTERING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the 
disconnection or deterioration in the electromigration 
resistance of metallic wiring by forming Al films or Al 
alloy films in the bottom edges and flanks of contact 
holes to a film thickness of ^20% than the film thickness 
in the plane parts in spite of finer electronic devices and 
increasing of the aspect ratio of the contact hoes larger 
than 1 .0 relating to the thin-film formation method by DC 
bias sputtering. 
SOLUTION: The bias intensity is controlled stronger in 
the initial period of deposition and the bias intensity is 
controlled weaker in the final period of deposition at the 
time of forming the Al films or the Al alloy films, by which 
the Al films or the Al alloy films of the film thickness of > 

10% as compared with the film thickness in the plane parts are formed in the bottom edges 
and flanks of the contact hole in spite of the finer electronic devices and increasing of the 
aspect ratio of the contact holes larger than 1 .0, by which the disconnection of the wiring is 
prevented and the electromigration resistance is improved. The method of lowering the bias 
intensity may be continuously or stepwise. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film formation approach by the direct-current 

bias spatter. 

[0002] 

[Description of the Prior Art] Conventionally, when forming a thin film in a substrate front face by 
sputtering in manufacture of an electron device, the direct-current bias spatter method which supplies 
fixed direct current power to a target, and forms membranes at it is used. In the case of the direct-current 
bias spatter method which supplies fixed direct current power and forms membranes, the relation 
between the direct current power supplied to a target and thin film formation time amount becomes like 
dra win g 4 . According to the direct-current bias spatter method, membrane formation of a metal 
membrane and an insulator layer is possible. For example, it is used for formation of aluminum film 
used as metal wiring of an electron device, or aluminum alloy film. In case metal wiring of the electron 
device which becomes with aluminum film or aluminum alloy film is formed, the cross section of the 
metal wiring layer of the contact hole section at the time of using the direct-current bias spatter method 
which supplies fixed direct current power to a target, and forms membranes at it serves as structure like 
drawing 5 fundamentally. When the aspect ratio of a contact hole was 1.0, as compared with the 
thickness of aluminum film of the flat-surface section, or aluminum alloy film, the thickness of the 
contact hole pars-basilaris-ossis-occipitalis edge section and aluminum film of a side face, or aluminum 
alloy film was about 10%. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when an electron device is made detailed and the 
aspect ratio of a contact hole becomes large from 1 .0 about formation of aluminum film by the direct- 
current bias spatter method which supplies the above-mentioned fixed direct current power, and forms 
membranes, or aluminum alloy film, the thickness of the contact hole pars-basilaris-ossis-occipitalis 
edge section and aluminum film of a side face, or aluminum alloy film becomes 5% or less as compared 
with the thickness of the flat-surface section. Therefore, it has the technical problem that an open circuit 
of metal wiring or degradation of electromigration resistance occurs. The place which this invention 
solves such a technical problem and is made into the purpose Then, aluminum film In case aluminum 
alloy film is formed, or in early stages of membrane formation By strengthening bias reinforcement and 
controlling bias reinforcement weakly at the telophase of membrane formation Even if it is the case 
where the electron device was made detailed and the aspect ratio of a contact hole becomes large from 
1.0 By forming 10% or more of aluminum film or aluminum alloy film of thickness in the contact hole 
pars-basilaris-ossis-occipitalis edge section and a side face as compared with the flat-surface section, 
while preventing an open circuit of metal wiring, it is in the place which raises electromigration 
resistance. 
[0004] 

[Means for Solving the Problem] In early stages of thin film formation, the thin film formation approach 
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by the direct-current bias spatter of this invention strengthens bias reinforcement, and is characterized by 

controlling bias reinforcement weakly at the telophase of thin film formation. 

[0005] 

[Embodiment of the Invention] Hereafter, the example of this invention is explained. 
[0006] Drawing 1 is drawing showing the relation between the direct current power which supplies the 
power supplied to a target to the target at the time of controlling continuously, and thin film formation 
time amount. 

[0007] Drawing 2 is drawing showing the relation between the direct current power which supplies the 
power supplied to a target to the target at the time of controlling gradually, and thin film formation time 
amount. 

[0008] aluminum or the aluminum alloy thin film formation approach at the time of controlling 
continuously the power supplied to the target of this invention is explained. 

[0009] About membrane formation, an parallel monotonous mold direct-current bias sputtering system 
is used. Moreover, the lamp heater by which internal organs were carried out to the substrate electrode, 
or a ceramic heater is used for the heating method of the substrate which forms membranes, it heats Ar 
gas, and the gas heating method which performs substrate heating is used for it by introducing the Ar 
gas from a substrate rear face. 

[0010] First, the substrate which forms membranes on the substrate electrode of the vacuum chamber for 
membrane formation is conveyed, and it exhausts using cryopump or a turbo molecular pump until a 
vacuum chamber pressure is set to 1x10 to 7 or less Torrs. 

[001 1] Next, Ar gas is introduced in a vacuum chamber, and the pressure in a vacuum chamber is 
adjusted so that it may become fixed in the range of 2 - 3Torr. The lamp heater by which internal organs 
were carried out to the substrate electrode at coincidence, or a ceramic heater is heated in 300-500 
degrees C, and it is adjusted so that it may become constant temperature. 

[0012] Next, without introducing Ar gas for heating from a substrate rear face, the fixed direct current 
power of the range of 8-12Kw is supplied to a target, and aluminum film or aluminum alloy film of the 
thickness equivalent to 20 - 30% of the last thickness made into the purpose is formed. At this time, 
since Ar gas for heating is not introduced from a substrate rear face, substrate temperature is 100 degrees 
C or less. By this process processing, membranes are formed by homogeneity in the contact hole 
section, without aluminum film or aluminum alloy film carrying out surface diffusion to the flat-surface 
section, the contact hole pars-basilaris-ossis-occipitalis edge section, and a side face. 
[0013] Next, Ar gas for heating is introduced from a substrate rear face, and aluminum film equivalent 
to the thickness which runs short, or aluminum alloy film is formed to the last thickness made into the 
purpose, decreasing continuously the direct current power which supplies a substrate to heating sushi 
and a target in 300-500 degrees C to lKw at a rate of per second 0.2 to 0.8 Kw. Then, in the contact hole 
section, film growth and surface diffusion of aluminum film or aluminum alloy film occur in 
coincidence, and aluminum film or aluminum alloy film flows in in the direction of a contact hole 
section pars basilaris ossis occipitalis. The balance of film growth and surface diffusion is optimized by 
forming membranes, decreasing direct current power continuously at the rate of per second 0.2 to 0.8 
Kw, and the embedding engine performance to the contact hole section of aluminum film or aluminum 
alloy film becomes good. 

[0014] Formation of aluminum film or aluminum alloy film at the time of above controlling 
continuously the power supplied to a target is completed. The cross-section configuration of aluminum 
film in the final contact hole section or aluminum alloy film is shown in drawing 3 . 
[0015] The thin film formation approach which controls gradually the power supplied to a target is an 
approach which transposed the process which performs **** membrane formation which decreases 
continuously the direct current power which supplies the power supplied to the above and a target to the 
target of the thin film formation approach controlled continuously at the rate of per second 0.2 to 0.8 Kw 
to the process which forms membranes while decreasing direct current power 0.2-0.8 Kws at a time 
gradually in 1 second. Also when decreasing gradually the direct current power supplied to a target, it 
has the embedding engine performance to the contact hole section of the above, aluminum film 



http : //www4 . ipdl . inpit . go .j p/cgi -bin/tran_web_cgi_ej j e 



8/15/07 



. JP,2000-096223,A [DETAILED DESCRIPTION] 

* 



Page 3 of 3 



equivalent to the case where it is made to decrease continuously, or aluminum alloy film. 
[0016] 

[Effect of the Invention] as state above, even if it be the case where the electron device be made detailed 
and the aspect ratio of a contact hole become large from 1 .0 by use the thin film formation approach of 
this invention, as compared with the flat surface section, 1 0% or more of aluminum film or aluminum 
alloy film of thickness can be form in the contact hole pars basilaris ossis occipitalis edge section and a 
side face, and while prevent an open circuit of wiring, it have the effectiveness that electromigration 
resistance can be raise. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The thin film formation approach by the direct-current bias spatter which strengthens bias 
reinforcement and is characterized by to control bias reinforcement weakly at the telophase of thin film 
formation in early stages of thin film formation in aluminum by the direct-current bias spatter method 
which forms a thin film in the substrate front face on a substrate electrode by making a target and a 
substrate electrode counter in parallel, arranging, and supplying direct current power to a target, or 
aluminum alloy thin film formation. 

[Claim 2] The thin film formation approach by the direct-current bias spatter according to claim 1 which 
controls bias reinforcement continuously. 

[Claim 3] The thin film formation approach by the direct-current bias spatter according to claim 1 which 
controls bias reinforcement gradually. 



[Translation done.] 
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